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Tab.2 Conditions of indoor and outdoor thermal environment
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Tab.3 Neutral temperature

U o B 3 AT e B, T DA R AT TREMN  REBE
EIERTIEIMMTIR . 4 MTS=0 I, ARSIt R C 18.0 209
HEBE, 5 PMV=0 I, IARSIBNRGIEI . R e W 19.5 212
K () ~ (5) ARG R B WA 3. i 213 218

XHEIMTILAZESR: (1) REER G I A0 F0 5 R, #H22 0.6 °C, THSREE Fi M5 AH 22
1.8 Cy (2) FAB S AN ik iR A 228 K, 42508 0.7 TR 0.5 Cy (3) REE AT S & 7
W eI ) 6 S I R R IR M 1.5 CHn 2.3 CL TiRBE IR IX B AME A 0.3 'CHI0.9 T
AXAEZE SRR A : (1) SRIBEHE SR E SRR 2805, ATOHE EX RS E NS, SECR
%%Fi%ﬂﬁm$&hﬁﬂﬁ?%%ﬁﬁ,MWAH%*%hﬁ@%%ﬁ%ﬁ¢?gmﬁﬁﬁ%%ﬁ,
AXH, Ao SRt B P U P R AR ek 3R A S, AN R — R, IR R ARIR B A A
X RS A EEFRE; (2) ERAREXMRETR, NI ISR A ﬁﬁﬁ,%ﬂﬁ%%

FE LG 0 rrpk i LA AR 1.8 C, MRERMIEXMERRF 0.6 C.
2.4 BEMNKFELB SR
E AR ZREFEIGI AR, NMEFEZBEWAE S e OISR EFE LW, WXyt



874 WOk # O R Bk ¥ W (ARRERD 5 46 &

PR HAT— BB R . AT R RSB R A5 B L B K P AR R, AR ) 245 th
X, ABEXMERNKTY, H%HEIIRE T EENREC RS . P T BB, 4
H8 T IX S ERE IR TORE B P BUESE AR (aPMV), L T AR BNE RAR, R
WEINT HIEN R L. A T RBAT R OBIRT G RAE R, 24 =0 iF, aPMV=PMV, BliARA
RARRBGERATH; A>0 B, FRTEESEREI AMV Ho PMV /v, 7<0 W3R TERERARRT AMV t PMV
K, AR A AETT R ANARSRER T AR K F i 8 3SR RS . B %% Manoj Kumar Singh 28 AU V5HR$ 0
BEARRAMREKRARRZN, 45087 S0 &N R, ERENS L ERR.
RE «<RAEREABEIREI AR GB/T 50785-2012" B IP M A T4 B HE BRI,

58 57 FE ki 2 ) B aPMV VR SRR AR, JRA i TARR I 2 M8, W T X RS, B A

0.24 (PMV=0) F1-0.50 (PMV<0). aPMV F1 PMV ZifF4ER (8) MR F&:

aPMV= M7 8
 1HIXPMV ®)

WA FREFEAHXN S, PUZH, TR HIRTS X AR A 3 8 245 E AR 9 o B A R
AT S, ANRERNAKFREFEAEZR? XRTEEAM B Bk HEN RE A SRFIW . FI R SCHER13189 75
W, RIS TR S P RIE ARG Apnp=— 0.38 (PMV<0), REHIG Aawp=— 124 (PMV<0). B, BiHGF
ERKRES, BEHAEIXAER AR R R =i, ANMRBEROKFFEEZER, REDN)EHE
MK FECRBRIARMC, HEMERA K =-0.50 (PMV<0) ik, REEMESZ2GAERKER. SHK
H & AR L (9) ~ (10), REBMART G PMV~ MTS Fi1 aPMV HR R WK 5.

PMV . .
aPMV=————— CREEMIHG) )
1-0.38xPMV
PMV _
aPMV=———— (CREHE) (10)
1 -1.24xPMV
0.8 0.4
AaPMV o |
0.6 O ATS 0.2 i o
04 - 0 o o O
S 02 f S-02 P
E A E A E- . e AA (]
£ 0 o o g S .04 | AA A
E oo A Kg A
=~ .02 m] ] A_ X -0.6
O ﬂ‘
0.4 F “ -0.8 AaPMV
-0.6 A -1+ O O OMTS
-0.8 : : : : : ) -1.2 : : : :
-1 -08 -06 -04 -02 0 0.2 -12 -1 -08 -06 -04 -02 0
PMV PMV
(a) BHP (b) AHP

5 PMV. MTS ¥ aPMV K)%XFR
Fig.5 Relationship between PMV, MTS and aPMV

3 Z5ip

A 3 o 3k S v i IX PR i G 2 J A S SRR B 0 i J A B MR G B IR &5 3R 4 i, WT A
T 4ik:

(1) SRRHIAT )G S0 N RE B RBUR R LM 2 5124 0.076 (BHP) A1 0.0176 (AHP), Fi
P53 514 0.144 (BHP) A1 0.216 (AHP), XAEMZERANE BIMURMEAR R BRE DU k2 72
MZERAR, WEARREARE LR EBZREAT )

(2) SREZIIHG S NATIBGE RLE Y i E 27 BRI (Bib) BARE, (ERERIIET AR =6
AW BB ER TR G, SURE S 512 - 0.075 clo/ CHI - 0.051 5 clo/'C, X BEBIFER & HIRIZTT
YERTANTA R B R, 7EL P — I RBRFXMIME G, N2 BIMVERBEH TR, AREBL B
R T T B HRT 2R BB X v IR 5

(3) SRERIIHT LI AIBII p ik B 2 5004 19.5 CHn 213 °C, PiAIZE 1.8 °C, HSE BBt v



55 6 4] IR, S AR GURBE N e A S BT 16 P 875

LB 43 0 85 2 P SRR B P 1.5°C 0 2.3°C 5 SRIB S5 Sl A i b3 B 43 30k 21.2 ‘CHRI21.8 C,
Wi 0.6 °C, FLIZI K F0 e B 43 9 v th S N BV IR B P44 0.3 "CAI 0.9 °C; SREEIING 5 Sz
TP 35 AR 22N . SR B0 2 358 2 R SR 0 T AR P e B A ), B SR — 1, 5 P
22 )75 T L B 8 S A SR S X R 25 S 1 5 — AN R 5

(4) FRLH 1 35 B AR 6 B AT 377 1 , SRAE R 55 1 13 B2 R B2 (PMV<0) 43 311K — 0.38 il — 1.24,
4R W R 25 S AT 00 & BK P AR e 5, EURBBIIG & MK PRCRIB IR, RBEYE S
I A v e s P S A M IX R SR & B R B /= — 0.50 (PMV<0) £ 54518, PRI AEMSE
T R TP I 72 B A P 24 X ) 5 SR R S

SEHLk References

[1] FANGER P O, TOFTUM J. Extension of the PMV model to non-air-conditioned buildings in warm and humid climates[J].
Energy Build 2002, 34(6): 533-536.

[2] NICOL F, HUMPHREYS M. Derivation of the thermal equations for thermal comfort in free-running buildings in European
standard EN15251[J]. Build Environ 2009, 45(1): 11-17.

[3] HUMPHREYS M. Outdoor temperatures and comfort indoors[J]. Building Research and Practice, 1978, 6(2): 92-105.

(4] JEJTE, Eile, 5. T9LH X T ARG Al BRI SELT]. SRR, 2014, 30(2): 51-56.
QU Wanying, YAN Haiyan, YANG Liu, et al. Study on climate adaptation model for human thermal comfort in Xi'an in transi-
tion seasons[J]. Building Science, 2014, 30(2): 51-56.

[5] BRAGER G S, de DEAR R J. Thermal adaptation in the built environment: a literature review[J]. Energy and Buildings, 1998,
27(1): 83-96.

[6] KT U, M2 BERIRBE AR BGE BT S 5 1B [T]. BRIl 23R, 2010, 40(9): 38-48.
ZHANG Yufeng, ZHAO Rongyi. Literature review and discussion on human thermal adaptation in built environment[J].
HV&AC, 2010, 40(9): 38-48.

[71 ISO 7726-2002 Thermal environments specifications relating to appliances and methods for measuring physical characteristics
of the environment[S]. Geneva: ISO, 2002.

[8] MCCULLOUGH E A, OLESEN B W, HONG S. Thermal insulation provided by chairs[J]. ASHRAE Transactions. 1994,
100(1): 795-802.

[91 YANG Liu, YAN Haiyan, XU Ying, et al. Residential thermal environment in cold climates at high altitudes and building ener-
gy use implications[J]. Energy and Buildings, 2013, 62: 139-145.

[10] ERHR. BT hHETE AR AR R[], B3 23, 2004, 12: 39-42.
WANG Zhaojun. Selection of thermal comfort indexes in the field study[J]. HV&AC, 2004, 34(12): 39-42.

[11] M. sEsAeaM]. dbnt: Hr EES Tl ik, 2010: 59.
YANG Liu. Bioclimatic Architecture[M]. Beijing: China Building Industry Press, 2010: 59.

[12] g, Aam. SR RAER SR E A IIZI]. @2, 2012, 42(4): 96-103.
YAN Haiyan, YANG Liu. Field study on occupant thermal comfort in residential buildings of Jiaozuo city in summer[J].
HV&AC, 2012, 42(4): 96-103.

[13] YAO Runming, LI Baizhan, LIU Jing. A theoretical adaptive model of thermal comfort-Adaptive Predicted Mean
Vote(aPMV)[J]. Building and Environment, 2009, 44(10): 2089-2096.

[14] SINGH M K, MAHAPATRA S, ATREYA S K. Adaptive thermal comfort model for different climatic zones of North-East In-
dia[J]. Applied Energy, 2011, 88: 2420-2428.

[15] GB/T 50785-2012 B E NHIRIRBEIFAARAELS]. Lot i R ol th bt 2012.
GB/T 50785-2012 Evaluation standard for indoor thermal environment in civil building[S]. Beijing: China Building Industry
Press, 2012.

A comparative analysis of human adaptive thermal comfort in
residential buildings circa heating period

ZHENG Wuxing', YANG Liu', YAN Haiyan®, SONG Xiaoji'

(1. School of Architecture, Xi'an Univ. of Arch. & Tech., Xi'an 710055, China;
2. College of Architecture and Art Design, Henan Polytechnic Univ., Jiaozuo 454000, China)

Abstract: In order to find out the difference of human adaptive thermal comfort before heating period (BHP) and after heating period
(AHP) in residential buildings, thermal comfort field studies were carried out, and human thermal sensation, main behavioral adjustment,
neutral temperature and adaptive level were analyzed between BHP and AHP of Xi’an, which is the representative of cold climate zone
of China. The results show that thermal sensation sensitivity of AHP is greater than BHP. The sensitivity of changing dress along with
indoor temperature is greater in BHP than AHP. Neutral temperature is under the comprehensive influence of indoor temperature, past
indoor thermal experiences and outdoor temperature gradient trend. The human adaptive level of AHP is lower than BHP.

Key words: BHP and AHP; thermal sensation; adaptive approaches; neutral temperature; level of adaptations

(AL o4 AARl)



